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Potential Environ-rilentallmpacts From Farming Rainbow
Trout Using Inland Saline Water in Western Australia
MarkR. Starcevich, Alan J. Lymbery and Robert G. Doupe*
S
econdary salinisation, caused by rising water
tables as a result ofland clearing, has led to large
areas of unproductive agricultural land in
Australia. Throughout the Western Australian wheatbelt,
there is interest in the culture of rainbow trout
(Oncorhynchus mykiss) and other fish species using
saline groundwater on salt·affected farmland. We
surveyed farmers and interviewed representatives of
resource management agencies, to determine potential
environmental impacts associated with this form of
aquaculture. Four types ofculture units have been used to
grow trout: farm dams, constructed ponds, natural lakes
and tanks. Our analysis of their water flow
characteristics suggests that dams, ponds, lakes and
tanks are likely to produce qualitatively similar
environmental impacts. Farmers and resource managers
identified the same potential environmental impacts from
inland trout farming, but their perceptions of the
importance ofthese impacts differed. In general, farmers
ranked on-farm impacts more highly than off·farm
impacts, while the reverse was true for resource
managers. The regulation of environmental impacts in
inland saline aquaculture is complicated by the diversity
ofgovernment agencies involved and by the small scale
ofthe industry. This suggests that economic instruments,
facilitated by the voluntary development and application
of environmental management guidelines, might be a
better management tool than regulation, but there is a
need to more precisely define and internalize many ofthe
external environmental costs.
Introduction
Secondary salinisation is a major problem in the arid and
semi-arid regions ofthe world, affecting about 80M ha of
land (Abrol et al. 1988; Dregne et al. 1991; Ghassemi et
al. 1995). Secondary salinisation is caused by rising
water tables as a consequence either of irrigation or of
reduced evapotranspiration following changes in land
use. In Australia, the greatest environmental threat is
posed by dryland salinity, resulting from the replacement
* All three authors are with the Division of Veterinary and
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of native vegetation with annual crops and pastures.
Approximately 2.5M ha of agricultural land throughout
Australia are currently affected by salinity, with a further
14.5M ha at risk of developing salinity (Robertson 1996;
National Land and Water Resources Audit 2000). More
than 70 per cent (1.8M ha) of Australia's salt-affected
land is in Western A;ustralia. If.effective management is
not developed and implemented, this is predicted to
increase to 6.2M ha or 32 per cent of the State's
agricUltural land before equilibrium is reached
(Ferdowsian et al. 1996). In addition to reduced
agricultural productivity, salinity leads to deterioration in
the quality of streams and rivers, which increases the
costs associated with the provision of water supplies,
adversely affects remnant vegetation and hence
biodiversity, and impacts on the conservation of
community infrastructure (George et al. 1995;
Spenneman and Macar 1999).
Strategies to address the salinity problem involve: (1)
water management practices, such as introducing deep-
rooted perennial plants, protecting and managing remnant
native vegetation, collecting and disposing of surface
water, and draining and pumping groundwater; and (2)
developing new productive uses for land that has already
been affected by salinity. One such productive use, which
has received considerable attention in Australia and other
parts of the world, is aquaculture in pumped or
intercepted saline groundwater (Forsberg et al. 1-996;
Samocha et al. 1998; Smith and Barlow 1999; Fielder et
al. 2001). As well as providing a productive use for land
that can no longer support traditional agricultural
enterprises, aquaculture may also be integrated into
existing surface and subsurface water management
systems, thereby defraying part of the cost of such
schemes (Fielder et al. 2001).
Throughout the wheatbelt of Western Australia (Figure
1), a number of fanners on salt-affected agricultural land
are experimenting with the culture of rainbow trout,
Oncorhynchus mykiss (Walbaum), using saline
groundwater. The groundwater salinities on these farms
vary from 5,000 to 20,000 mglL, a range well within the
tolerance of the euryhaline O. mykiss. Although
production is currently at a very low level, less than 10 t
per year, a producers cooperative has been formed and
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Figure 1. Western Australia, showing the location ofthe wheatbelt (shaded), defined
broadly as lying between 750·270 isohyets.
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Representatives from resource management agencies
with an interest in inland aquaculture were interviewed in
a focus group. The agencies were selected from an
examination ofthe licensing requirements for aquaculture
ventures in Western Australia and included both
production and conservation management agencies:
Department of Fisheries; Department of Agriculture;
Department of Environmental Protection; Environmental
Defenders Office; Water and Rivers Commission.
Participants were provided with a worksheet listing the
of Fisheries, Western Australia. The questionnaire
consisted of 36 closed questions and 13 open-ended
questions, designed to determine details of the
aquaculture production systems being used, the influence
of the farm environment on the production systems,
connections between the production systems and external
water bodies, and the attitude of farmers to
environmental management of the production systems. It
was pre-tested for reliability and validity, and mailed to
the sample group, with a return-paid envelope. A follow
up program of all non-returned questionnaires was
conducted by telephone.
Focus group survey
Albany
WHEA"tBELT
Methods'
Questionnaire survey
Farmers from 113 properties in the Western Australian
wheatbelt, who had grown rainbow trout from 1999-
2001, were surveyed by questionnaire. The sample group
consisted of all farmers who had registered interest in
aquaculture on a database maintained by the Department
there have been a number of~:"'''I:=:::::----------------------------'
(unpublished) studies of the
market potential and financial
feasibility of an inland saltwater
trout industry. While the
productive use of saline
groundwater has been regarded as
an important component of an
integrated, holistic approach to
salinity management (State
Salinity Council 2000),
aquaculture may have its own
environmental impacts. These
include pollution effects on water
and sediments due to the release
of organic and inorganic wastes,
escapes of cultured fish,
therapeutic chemicals or
contaminants, and physical
obstruction and modification of
water 'movement and
sedimentation (Beveridge et al.
1997; Ogburn 1999; Wu et al.
1999).
Environmental management
systems are being increasingly
used by aquaculture industries to meet legal obligations
and consumer aspirations for sustainable resource use
(Gavine et al. 1996; Beveridge et al. 1997). This requires
that potential adverse environmental impacts be
identified, so that environmental standards can be
formulated, and impact mitigation practices put in place
and monitored (Boyd and Schmittou 1999). In this study,
we surveyed producers of rainbow trout in inland
Western Australia to determine the potential
environmental impacts associated with different
production systems. We also surveyed management
agencies with responsibility for land and water resources
in inland Western Australia, to compare their perceptions
with those of farmers regarding the need to develop
mitigation measures for these potential impacts.
1. Details available from Alan Lymbery, alymbery@central.murdoch.edu.au
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aquaculture, identified from the questionnaire survey of
farmers. They were asked to identify any additional
impacts and then rank the importance ofthe impacts. The
results ofthe ranking sheet were pooled and presented for
further discussion. In addition, structured interview
questions were used to determine those agencies with
jurisdiction over managing each environmental impact,
the mechanisms by which that responsibility was
discharged, and potential shortcomings in current
regulation ~f inland saline aquaculture enterprises.
Analysis
The data from the questionnaires and focus group
interviews consisted of both continuous (e.g. area of
water used, number of fish stocked) and categorical
responses (e.g. type of culture unit, yes/no answers to
questions about impacts, perceptions and attitudes).
Descriptive statistics were calculated for all responses
and are shown as means ± standard errors or as
percentages. Associations among responses were
analyzed by chi-square tests for independence or by
analysis of variance. Similarities of impact variables
among culture units were analysed by non-metric
multidimensional scaling (Kruskall and Wish 1978) of
pairwise Euclidean distance estimates. Stress values, or
the distortion between the original distance rankings and
distance rankings in the ordination plot, were compared
at different dimensionalities of ordination to determine
the most suitable plot dimensions. Logistic regression
was used to determine risk factors for farmer's attitudes
to environmental management. The intention to
implement environmental management guidelines was
used as the dependent variable and the significance of
potential risk factors and their interactions was assessed
by likelihood ratio tests.
Results
Aquaculture production systems
Seventy-six responses were received from the postal
questionnaires, giving a response rate of 67 per cent.
Rainbow trout have been stocked on farms from Moora
in the north to Albany in the south and Esperance in the
east of the Western Australian wheatbelt (Figure I). At
least 2350 ha of salt affected land on the respondents'
properties (31 ± 7.9 ha per property) cannot be utilized
for traditional agricultural practices and are available for
alternative industries such as aquaculture. Approximately
80 hectares of salt affected land (1.1 ± 0.2 ha per
property) are currently used for aquaculture. Since 1998,
an estimated 50,000 rainbow trout have been stocked in
culture units across the wheatbelt. The 168 separate units
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used by respondents (2.2 ± 0.2 units per property) to
stock trout can be grouped into four categories: existing
farm dams, constructed initially for watering livestock
(66 per cent), ponds constructed specifically for fish
production (18 per cent), natural, seasonal salt lakes (9
per cent) and tanks (7 per cent).
Factors affecting inflow water
Dams, ponds, lakes and tanks used for culturing
rainbow trout received water from both surface flows
and groundwater interception, with surface flows
providing the predominant water source in 76 per cent
of dams, 52 per cent of ponds, 73 per cent of lakes and
62 per cent of tanks (no significant differences among
unit types in primary"",-vater source, X',= 4.2, P = 0.24).
Forty seven per cent of respondents to the postal
questionnaires believed that their culture units were
protected from external influences, but this was not
corroborated by their responses to other questions.
Table I shows the extent of exposure to pesticides,
fertilizers, other farm chemicals and livestock (sheep
and cattle) excrement in culture units of different types.
As expected, fann dams were most exposed and tanks.
least exposed to external environmental influences.
Overall, 55 per cent of culture units were exposed to
pesticides, 89 per cent to fertilizers, 67 per cent to other
chemicals and 76 per cent were accessed by livestock.
The impact of external influences on culture units may
be mitigated by plants that take up nutrients and
chemicals; 55 per cent of all units contained fringing
vegetation, and 40 per cent had macrophytes growing in
the water (Table I).
Factors affecting water within culture units
There were significant differences in stocking density
among different types of units, with tanks being most
heavily stocked and lakes most lightly stocked. Mean
stocking densities (fish/m' ± standard error) were 30.69
± 18.96 for tanks, 0.48 ± 0.09 for dams, 0.46 ± 0.10 for
ponds and 0.38 ± 0.09 for lakes (ANOVA, F'.46 = 11.9,
P < 0.001). Only 35 per cent of respondents fed their
fish on trout pellets, with the rest relying on natural
feed. This percentage differed significantly aroong unit
types, with fish in all ofthe tanks, none ofthe lakes and
33 per cent of the dams and ponds being fed with
artificial feed (X',= 14.5, P = 0.002).
Factors affecting outflow water
Only 20 per cent of all respondents incorporated
prevention or contra] measures for water outflow from
their production systems. Over the three years sampled
by the survey, water outflow actually occurred in 51 per
17\
Table 1. Percentage ofdifferent i)'pes ofunits for culturing trout, in which particular factors affecting inflow
water and outflow water were present.
Factor Impact present in culture unit (%)
Dam Pond Lake Tank
Pesticides used in vicinity
Fertilisers used in vicinity
Other chemicals used in vicinity
Stock have access
Fringing vegetation surrounds unit
.Aquatic vegetation within water
Outflow protection in place
Outflow occurred from unit
Outflow entered stream/river
67
78
98
87
48
39
16
53
65
25
33
75
67
55
45
18
36
45
44
67
89
44
100
56
o
.44·· .
22
o
o
o
60
o
o
100
80
80
Figure 2. Multidimensional scaling plot of66 units in which trout were
cultured on farms in Western Australia, based on a matrix ofEuclidean
distance estimates from factors affecting water inflow, water within culture
units and water outflow. Stress=O.22
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cent ofculture units, and in 56 per cent of these cases the
outflow entered streams or rivers flowing through the
properties. Table I shows the difference in extent of
outflow prevention and outflow occurrence between
culture units of different types. Tanks had the highest
management regime, and managed water inflow and
outflow by necessity, yet nearly 80 per cent of these
systems released effluent into local waterways. Lakes
were at the other end of the management spectrum, and
although no outflow prevention methods were utilized,
outflow from only 22 per cent of these systems entered
local waterways.
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Differences between culture units
Ordination analysis of Euclidean distance coefficients
only partially separated the different types of culture
units into discrete classes, based on factors that may
affect the quality and quantity of inflow water, water
within the culture system and outflow water (Figure 2).
The two dimensional solution shown in Figure 2 had a
stress value of 0.19, indicating only a moderate fit of the
ordination plot to the original data. Nevertheless, the
overall topology of the ordination was similar to results
obtained with other techniques, such as clustering
analysis (data not shown). It seems clear that, while tanks
showed some similarities to each other, they
were not distinctly different from other types
of units, and there was little separation of
dams, ponds and lakes.
Identification of envirOnmental impacts'
All resource managers, but only 56 per cent of
farmers, believed that adverse environmental
impacts were present, or could potentially
result from inland saline aquaculture. Table 2
represents our classification of the potential
impacts identified by farmers and resource
managers. This classification is based on the
understanding that natural ecosystems are
required for the supply of natural resources
and for the assimilation of waste products
(Kautsky er al. 1997). Aquaculture production
systems can therefore potentially impact upon
the environment through the consumption of
resources, such as land, water, seedstock and
feed, and through the production of wastes,
such as uneaten and excreted nutrients,
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occur both internally (i.e. within the production system)
and externally (outside the production system). As can be
seen from Table 2, there was general congruence between
farmers and resource managers in their perception of the
importance of different impacts. The major point of
difference was that farmers ranked on-farm waste
production impacts (changes in water quality within the
production system, due to the accumulation of nutrients
or other chemicals) more highly than off-farm waste
production impacts (discharges of nutrients and
chemicals), while the reverse was true for resource
managers. In addition, resource managers were much
more concerned than farmers with the effect of trout on
aquatic invertebrate communities, although this was
identified as an impact only where natural lakes were·
being used for aquaculture.
Regulation 01 environmental impacts
Table 3· lists the resource management agencies in
Western Australia with responsibility for the
environmental impacts that have been identified. There is
no regulation of environmental impacts from resource
consumption for artificial feeds, but regulatory
mechanisms are in place for all the other identified
impacts. The effectiveness of these regulatory
mechanisms may be compromised by two factors
apparent in Table 3. First, although the overall
responsibility for aquaculture management in Western
Australia lies with the Department of Fisheries, through
the issue of an aquaculture license, proponents must gain
approval from all other relevant authorities to receive a
license. Therefore, in practice a large number of different
government agencies are responsible for monitoring
and/or preventing impacts. Second, many of the
regulations apply only when production exceeds 1000 kg
per year, and small-scale aquaculture facilities that are
developed as part of an existing farm enterprise may
remain effectively unregulated.
Altitudes to environmental management
Ninety-five per cent of respondents to the postal
questionnaire had already implemented salinity
management regimes such as tree planting, groundwater
abstraction, drainage and/or salt tolerant crops on their
farms, and 80 per cent perceived aquaculture to be a
useful additional tool in salinity management. Most
respondents (86 per cent) believed environmental
management guidelines are essential to the development
of a sustainable inland saline aquaculture industry in
Western Australia, and 89 per cent of respondents would
implement environmental management guidelines if they
March 2003
were available. Logistic regression analysis indicated that
farmer's attitudes towards the importance of
environmental management guidelines was the only
factor that significantly influenced their willingness to
implement guidelines (r2 = 0.40, P = 0.003, for the model
using only farmers attitudes; no significant change in r2
with the addition ofother factors).
Discussion
Diversity of production systems
Aquatic production systems are usually classified
according to physical type, biomass density and feeding
practices (Colt 1991). On this basis, there is a clear
separation of the di-ffererit culture units used for trout
production by farmers in Western Australia. Lakes
constitute a typical extensive system, with very low fish
density and no supplementary feeding, the fish being
totally reliant on natural feed available within the lakes.
Tanks are a typical intensive system, with high fish
density and trout pellets the only source of feed. Some
farm dams and ponds have been used extensively, in the
same way as natural lakes, while others constitute a semi-
intensive system, with natural feed being supplemented
by trout pellets, allowing a greater density of fish to be
stocked.
We believe that a water flow-based classification of
production systems may provide a more useful measure
of both production characteristics and environmental
interactions than does a classification based on physical
type, biomass and feeding practices (Krom et al. 1989;
Colt 1991). The extent to which an aquaculture
operation may impact upon the environment depends
upon the quantity and quality of water flowing out of
the facility and the ability of the receiving environment
to absorb that outflow. In an aquaculture operl11ion
which is part of an existing agricultural enterprise, this
will depend, in turn, upon other farm practices (e.g.
pasture fertilisation, livestock excretion) which add
inputs to inflow water, on additional inputs (e.g. fish,
feeding) made for the purposes of aquaculture and on
output controls (e.g. filters, settling ponds) that the
farmer puts in place.
On this basis, the division between lakes, dams, ponds
and tanks is less clear and, as shown by the ordination
analysis (Figure 2) they appear to be part of a continuum.
All of these units typically receive a combination of
surface water and groundwater flows. While some lakes,
dams and ponds could be regarded as static systems, with
minimal inflow and outflow, others are continually fed by
saline streams and are more appropriately classed as
partial flow-through systems. All tanks pumped and re-
19~ I Table 2. Potential environmental impacts from inland saline aquaculture of rainbow trout, and relative importance ofeach impact as identified by farmers undertaking
aqu3cullure and representatives of resource management agencies in Western Australia.
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Environmental Description ofimpact Extent of Ranking of importanc~j
impact impact
Farmers Managers
Resource Consumption
Displacementof The construction ofculture systems may require the clearing ofnatural vegetation and External 5 5
vegetation associated terrestrial communities.
Use ofwater Abstraction ofsurface- or groundwater may cause loss or fragmentation ofhabitat for aquatic External 6 6
communities.
Consumption of The saline water fauna ofWestern Australia includes a number ofendemic species3 and where Internal 9 2
natural feed the culture system is a naturally occurring waterbody, cultured fish may have ecological effects
upon existing aquatic communities through predation, competition and habitat disruption.
Consumption of Commercial salmonid diets are based on up to 50% fishmeal, and it is estimated that 5t offish External
artificial feed I are required per It offishmeal'. Any contribution to the global demand for fishmeal contributes
to the global decline in ocean fisheries, the source offishmeal'.
Waste Production
Nutrients in Nutrients are principally nitrogen and phosphorous derived from uneaten feed, undigested Internal 2 3
culture system solids and excretion
6
, which remain in the culture system in dissolved form, as unsettled,
particulate solids or in the sediment. Where exposed water sources are used as the culture
medium, nutrients may also be added from other agricultural activities. This may lead to
eutrophication, with harmful effects on cultured fish orother organisms in the system.
Nutrients in Soluble or particulate nutrients that are discharged as effluent from the culture system to natural External 3 1
receiving system waterways may have harmful effects on aquatic communities. Effluent from trout farms in other
areas has been shown to increase nutrient levels in streams, leading to eutrophication and
changes in invertebrate community structure1,8.
Fish in receiving Fish that escape from culture systems into natural waterways may have ecological effects upon External 4 4
system existing aquatic communities through predation, competition, habitat disruption and as vectors.
for parasites or disease. ~
Other chemicals in Chemicals used in fish culture, such as chemotherapeutics, disinfectants or anaesthetics, or Internal I 9
culture system chemicals used in other farming activities, such as herbicides or pesticides, may enter the
culture system and have harmful effects on cultured fish orother organisms in the system.
Other chemicals in Chemicals from fish culture orother farming activities that are discharged as effluent from the External 8 8
receiving system culture system to natural waterways may have harmful effects on aquatic communities.
Disposal ofsaline Saline groundwater may he discharged from culture systems into natural waterways, resulting External 7 7
groundwaler in increased salinity. The salinisation ofstreams and rivers has detrimental effects on
biodiversity9,1O,11. •
'This impact was not identified by either farmers or re~ource managers, but is included because we believe it to be potentially important. 2Impacts ranked in descending order of
importance from questionnaire survey offarmers and focus group interviews ofresource managers. 3Halse el al. (2000); <4Beveridge el al. (1994); SKautsky el al. (1997); 6Einen elal.
(1995); 'Loch etal. (1996); 'Selong and Helfrich (1998); "williams (1987); !OHart et al. (1990); "Hartetal. (1991).~
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Table 3. Responsibility ofgovernment agencies in Western Australia for cvntrolling environmental impacts ofinland saline aquaculture
J and description ofregulatory
mechanisms for each impact ,
Environmental impact
Resource consumption
Displacement of
vegetation
Use ofwater
Consumption of
natural feed
Consumption of
artificial feed
Waste production
Nutrients in culture
system
Nutrients in receiving
system
.. Fish in receiving
;system
Other chemicals in
culture system
Other chemicals in
receiving system
Disposal ofsaline
groundwater
Responsible
agency'
DOA,LGA
WRC,LGA
DEP
DEP
DEP,WRC,
LGA
DOF
NRA
LGA,NRA
DOA
Regulatory mechanisms
Planning approval required from DOA prior to clearing ofnative orremnant bushland greater than Iha. In addition, LOA
i approval required for any activity that may contravene town planning, deplete natural resources or pollute the local environment.
'License required to abstract water from aquifers or streams. License conditions control quantity ofwater abstracted and provide
protection for public drinking water sources. LOA approval required for any water use that may deplete natural resources.
'DEP licensing is required for aquaculture proposals in naturally occurring waters. Direct natural feed consumption is unregulated.
No regulations.
",
Works approval and license required for aquaculture proposals where fish are supplementary fed in enclosures in naturally
occurring waters and a biomass of lOOOkg or more is produced per annum. Environmental impact assessment prior to license,
and annual monitoring and reporting oflicense conditions.
Works approval and license required for aquaculture proposals where fish are s.upplementary fed in ponds or tanks that discharge
waste into waters or onto land, and a biomass of ]OOOkg or more is produced per annum. Environmental impact assessment prior
to license, and annual monitoring and reporting oflicense conditions. Aquaculture operations discharging less than 5000L per·
day must comply with a water quality schedule and those discharging more than 5000L per day must fully contain wastewater on
site or treat to acceptable standards. The only control on aquacuIture operations producing a biomass ofless than lOOOkg is from
LOA approval, which is required for any activity that may contravene town planning, deplete natural resources or pollute the
local environment.
As part ofthe requirement for an aquaculture license, proponents are required to complete an application for an authority to
translocate fish. This authority covers all scenarios, from the introduction ofan exotic species to the movement ofan indigenous
species within the State. Forconunonly cultured species, such as trout, management guidelines are available.
NRA is responsible for the registration and control ofveterinary and agricultural chemical products up to the point ofretail sale.
DOA and DOH regulate the use offarm chemicals and drugs for production animals, but legislation does not cover the treatment
ofwater. and there is no monitoring ofthe use ofchemicals contrary to label specifications.
No regulations, other than LOA approval, cover the release ofchemicals other than nutrients in aquaculture effluent. State
regulatory bodies rely on users administering chemicals as described by NRA registered chemicallabeling.
Approval required from DOA for discharge ofsaline water to surrounding land or waterways.
~
IOnly the agencies with primary regulatory responsibility are mentioned. CALM - Department ofConservation and Land Management; DEP - Department ofEnvironmental Protection; DOA -
Department ofAgriculture; OOF-Department ofFisheries; DOH - Department ofHealth; FWA - LOA - Local Government Authority; NRA - National Registration Authority for Agricultural
and Veterinary Chemicals; WRC - Water and Rivers Commission. These are all State government departments with jurisdiction overall ofWestern Australia, except for local government
authorities. which operate only within particular shires within the State and the NRA, which is a Commonwealth (national) government organisation.used treated water aud could therefore be regarded as
closed or recycle systems, but all regularly undertook
partial or complete water exchanges with the water held
in settling ponds before discharge, and to that extent had
similarities with flow-through lakes, dams and ponds.
This suggests that lakes, dams, ponds and tanks are likely
to produce qualitatively similar environmental impacts,
which differ in scale depending on the design and
management ofindividual culture units.
Potential environmental impacts
Impacts from resource consumption: Inland saline
aquaculture in Western Australia has very little
immediate environmental impact through the
consumption of land, water and seedstock. The systems
we are considering were constructed on agricultural land,
which has become salinized and unproductive due to
rising water tables. The water used for aquaculture is in
most cases a combination of surface water flows from
cleared land and groundwater, and there is little net effect
ofaquaculture on natural flow regimes or on groundwater
recharge. Rainbow trout have been bred in Australia for
over 100 years and all the fish used for aquaculture
originate from hatchery stock. The consumption of fish
feed, however, may have important adverse
environmental consequences. Rainbow trout are
carnivorous and fish stocked into natural salt lakes may
feed on invertebrates in the benthos and water column;
this potential impact was ranked highly by resource
managers. Of even greater significance, although
unrecognized by resource managers or fanners, may be
the use of trout pellets in intensive or semi-intensive
production systems. Feeding fishmeal-based diets to trout
extends the ecological footprint (Kautsky el al. 1997) of
trout culture into wild capture fisheries.
Impacts from waste production: The major environmental
effects of inland saline aquaculture are through the
production of wastes (Table 2). Nutrient wastes may
impact upon both the internal and external environments
and the extent of the impact depends upon the quantity
and quality of both the wastes and the receiving
waterbody (Beveridge et al. 1994). Preliminary bio-
economic analyses have shown, firstly that tank-based
systems for inland trout production are unlikely to be
economically viable, and secondly that reliance upon
natural feed alone in dam, pond and lake systems does
not produce acceptable growth rates in cultured fish
(Lever 2000). Trout production in inland Western
Australia is therefore likely to converge upon
supplementary feeding in dams or ponds. In closed
systems, without water treatment, increased nutrient
levels from other farm operations, uneaten fish feed and
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excretion products lead to eutrophication and associated
oxygen deficits. In addition, discharge of water occurs
regularly in all production systems used for inland trout
culture in Western Australia, and almost 60 per cent of
these discharges are into natural streams.
Other waste products from inland aquaculture are
probably less important than nutrients, although farmers
expressed particular concern about herbicides and
pesticides. This is an inherent danger of integrating ..
aquaculture into existing agriculture enterprises. The
risks from escaped trout are minimal in the production
systems and locations surveyed; trout are unlikely to
survive summer water tempeE8;tures in these areas, and
most river systems in Western Australia that can support
trout have already been stocked with rainbow and brown
trout (Salmo trutta L.) for recreational fishing.
Management of environmental impacts
The management of environmental impacts in
aquaculture has traditionally occurred through the use of
regulatory'instruments, which alter the legal rights of
individuals over their use of resources (Holland and
Brown 1999). Licensing and assessment policies for
aquaculture in Western Australia are complicated by the
involvement of many different government agencies and
compromised by their restriction to commercial-scale
production. Inland saline aquaculture operations
typically start as small ventures, integrated into an
existing farm enterprise, and are therefore largely outside
the scope ofcurrent government regulations.
There is an increasing trend throughout the world
towards the management of environmental impacts
through the use of economic instruments, which redefine
the rights to resources so that users of natural resources
bear some or all ofthe costs that their choices impose on
others (Holland and Brown 1999). From the point of
view of the fanner, environmental impacts are external
costs, and the incentive to manage impacts should be
positively related to the extent that they can be
internalized (Muir et al. 1999). This was borne out by
our study. The principal environmental impacts of.
concern to farmers were the effects of farm chemicals
and nutrient wastes on the water quality of their
production system, presumably because this will directly
affect profitability through reduced fish production. This
represents an internalization of the impacts of most
concern to resource managers, which were the effect of
nutrient wastes and other chemicals flowing into the
external environment. Economic incentives for fanners
to improve feed quality, reduce feed wastage and control
input from other sources (such as fertilizers and
AUSTRALASIAN JOURNAL OF ENVIRONMENTAL MANAGEMENT~Volume 10livestock) should lead to a reduction of the impact on
both internal and external environments (Asche et al.
1999).
Relying solely upon market forces to internalize
environmental impacts, however, may not always
produce the desired result. For example, farmers may
ameliorate declining water quality within their production
system, not only by controlling nutrient inputs, but also
hy increasing nutrient outputs (flushing the culture units):
this will increase, rather than reduce, impacts upon the
external environment. Other impacts, such as increasing
demand for fishmeal and discharging saline groundwater,
are not so readily internalized as water quality, because
they do not have any immediate effects on profitability.
The challenge is to change the perception offarmers that
external environmental impacts do not influence costs of
production or returns from aquaculture. Clearly, there are
societal costs to external environmental impacts and
these may need to be factored into production costs
through economic incentives, although that requires a
precise valuation ofthe environmental goods and services
that are affected (Muir et al. 1999). Similarly, there are
potential market advantages to presenting aquaculture
products with positive environmental attributes (Gavine
et al. 1996; Doupe et al. 1999; Young et al. 1999), but
these need to be identified and tested through market
research, before they will provide an economic incentive
for farmers to mitigate environmental impacts.
Doupe et al. (1999) argued that the voluntary
implementation of environmental management
guidelines, which are sensitive to the needs of the
industry while ensuring production, resource availability
and minimal interference with other sectors, provides the
basis for the sustainable development of an inland saline
aquacuiture industry in Western Australia. This may be
best achieved through an environmental management
system, which provides aJnupework for the industry to
demonstrate compliance with stated environmental
objectives (Gavine et al. 1996). While the majority of
inland trout fanners in Western Australia have expressed
a willingness to implement environmental management
guidelines, there is still an urgent need to identify and
agree upon objectives that minimize both internal and
external environmental impacts.
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